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Morphological and genetic differences between novel protist pathogens
of the seagrasses Zostera marina and Zostera japonica
Megan Mooney*, Kate Kelly, and Joel Elliott

Introduction

Lab Methods

Seagrasses are foundational species in marine ecosystems and are a
bioindicator of overall ecosystem health. Seagrasses are globally in
decline primarily due to climate change and pathogens. Two
species of seagrasses are found in the Puget Sound, native Zostera
marina, and introduced Zostera japonica (Fig. 1), and they are very
different biologically and occupy different niches. Elliott et al.
(2019) discovered a novel protist pathogen infecting the roots of Z.
marina that causes galls to form on root hairs (Fig. 2a). The Elliott
lab has also observed root hair galls on Z. japonica (Fig. 2b). Very
little is known about this group of pathogens (Phyotmyxea) in
marine environments, and the objective of this research was to
determine if there are morphological and genetic differences
between the pathogens infecting the two species of local
seagrasses.

A

B

For Analyzing Morphology of Seagrass
Measured shoot length and width and root length with ruler and
root width, rhizome width, root hair gall length and width,
zoospore width using microscopy and ImageJ.
For Analyzing Genetics of Protist Pathogens
1. Cut off roots and sonicated to clean. Collected root hair galls
filled with protist pathogen cells. Roots were placed in Petri dishes
with filtered seawater for 1 day to allow for zoospore release.
Observed under microscope to ensure zoospore release.
2. Zoospore suspension filtered using a 153 um plankton net and
then zoospores collected on 0.45 um filter.
3. Extract DNA from zoospores using a DNeasy PowerWater Kit
and DNA concentration measured using a Nanodrop.

Results
Table 1. Comparison between Z. marina and Z. japonica seagrass and protist
morphology. Mean ± standard error for each species is shown along with results of ttests.

Zostera marina
Figure 1. (A) Kate and Megan collecting Zostera marina in the low intertidal. Z.
japonica lives in the mid to upper intertidal where temperatures and salinities are
more variable. (B) Zostera japonica (upper) is smaller than Z. marina (lower).
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Mean ± Standard
Error

P-Value

Shoot Length (cm)

Z.m.= 33.16 ± 9.47
Z.j. = 15.67 ± 3.29

0.005

Shoot Width (mm)

Z.m. = 4.5 ± 0.53
Z.j. = 1.05 ± 0.33

<0.001

Part of Seagrass

Rhizome Width (mm) Z.m. = 2.7 ± 0.69
Z.j. = 1.7 ± 0.45

0.026

Z.m. = 8.79 ± 2.79
Z.j. = 5.87 ± 1.81

0.089

Root Hair Width (µm) Z.m. = 8.4 ± 2.38
Z.j. = 8.35 ± 2.01

0.841

Root Hair Gall Length Z.m. = 124.66 ± 55
(µm)
Z.j. =249.5 ± 76.75

<0.001

Root Length (cm)

Figure 2. (A) Normal long root hairs of Zostera marina. (B) Short root hairs with
galls caused by the protist pathogen. (C) Root hair gall filled with cells of protist.

Root Hair Gall Width
(µm)

Research Hypothesis
Given the biological differences in the host plant species, we
hypothesized that their protist pathogens would also have
morphological and genetic differences.

Field Methods
We studied seagrasses at three field sites (Dash Point State Park,
Lost Lake Park, Chambers Bay) and measured temperature and
salinity at different tidal heights. We collected seagrasses by
digging up sediments around the roots (Fig. 1) and then gently
cleaning off sediment from around the roots in seawater.

Marinomyxa

Phagomyxida

Outgroup

4. Run PCR reactions using primers for 18S and ITS genes. Run a
gel to verify correct PCR product size.
6. Clean up DNA and send off for sequencing
7. Use MEGA to construct a phylogeny using 18S sequences and
compare ITS sequence variability of Z. m and Z. j..

Zostera japonica

Plasmodiophorida

Z.m. = 29.62 ± 5.27
Z.j. = 36.26 ± 4.61

<0.001

Zoospore Length (µm) Z.m. = 5.81 ± 0.28
Z.j. = 4.37 ± 0.23

B

<0.001
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C
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Conclusions
▪ Zostera marina and Z. japonica have very different morphological
characteristics, with Z.m. having larger shoot lengths, shoot widths,
and rhizomes width. However, the two protist pathogens have
different effects in the formation of root hair galls on the
seagrasses. The Z.j. pathogen forms significantly longer and wider
root hair galls on Z.j. than on Z.m. The zoospores of the two
pathogens are also different in size.
▪ The protist pathogens in Z.m. and Z.j. are very different genetically
(13 % difference in the highly variable ITS gene and 2% difference
in highly conserved 18S gene, which indicates that these protist
pathogens are two distinct novel species that are part of the Tagiri
4 clade of phytomyxeans.
Future Research Directions
▪ Design species specific qPCR primer sets using the ITS gene
sequences of Z.m. and Z.j. pathogens to use for qPCR assays.
▪ Determine the dispersal distance that the parasite travel in sediment
and water column using qPCR.
▪ Continue studies of the life history, morphology, ecology, and
genetics of the two pathogen species and their effects on seagrasses.
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Figure 4. Neighbor joining phylogenetic tree of 18S gene sequence including
pathogens found in Z.m. (red arrow) and Z.j. (blue arrow). The 18S gene sequence in
highly conserved, however, the 18S gene sequence for Z.j. is 2% different than the
18S gene sequence of Z.m., indicating they are different pathogen species. In all
phylogenetic trees constructed, Z.m. and Z.j. pathogens are closely related when there
18S gene sequences are being compared The ITS gene sequence of Z.j. pathogen is
13 % different than the ITS gene sequence of Z.m.
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Figure 3. Comparison of shoots, rhizome, and roots of Z.m. (A) and Z.j. (B). Roots and
root hair galls of Z.m. (C) and Z.j. (D). Zoospores of Z.m. (E) and Z.j. (F).

Thanks to my research advisor, Joel Elliott, and research partner, Kate Kelly,
for endless encouragement as well as Oscar Sosa for teaching me flow
cytometry technique and allowing me into his lab. Thanks to Amy Replogle
for the qPCR workshop and qPCR analysis expertise. Further, thanks to all
biology storeroom staff. Finally, I am grateful for the Washington NASA
Space Grant and UEC funding for their financial support.

